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(57) [Abstract] 

[Problems to be Solved by the Invention] 

Offer appropriate kind of crystallization rate which can 
produce bottle or other Hollow molding vessel efficiently 
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produce bottle or other hollow molding vessel efficiently 
[Means to Solve the Problems] 

When transporting pellet of polyethylene terephthalate , 
transferring/changing air transporting body inside pellet 
transfer tube and flow ratio of pellet are changed, itmakes 
improvement polyethylene terephthalate which possesses 
preferred crystallization rate in order toselect bottle or other 
hollow molding vessel by controlling crystallization rate 
with . 

After adding impact to pellet of polyethylene terephthalate , 
crystallization rate which isnecessary in order to select bottle 
or other hollow molding vessel furthermore, by controlling 
the crystallization rate by transferring/changing air 
transporting body inside pellet transfer tube and thefact that 
flow ratio of pellet is changed, is obtained. 



(Claim(s)] 
[Claim l] 

control method . of crystallization rate of polyethylene 
terephthalate which changes flow rate and/or 
transferring/changing air transporting body of 
transferring/changing air transporting body inside pellet 
transport pipe and and flow ratio of pellet makesfeature 

[Claim 2] 

control method . of crystallization rate of polyethylene 
terephthalate where it grants impact to the pellet inside pellet 
transport pipe , furthermore changes flow rate and/or 
transferring/changing air transporting body of 
transferring/changing air transporting body inside pellet 
transport pipe and and flow ratio of pellet makesfeature 

[Claim 3] 

method . which is stated in claim l to 2 where flow rate 
and/or transferring/changing air transporting body of 
transferring/changing air transporting body inside pellet 
transport pipe and modification width of flow ratio of the 
pellet are 10% or more 

[Claim 4] 

method . which is stated in Claim I or 2 to which half 
crystallization time 1 1/2 (seconds ) in 180 deg C of 
polyethylene terephthalate molded article satisfies 
below-mentioned formula 

30<=tl/2*100 

[Claim 5] 

method . which is stated in Claim 1 or 2 to which 
crystallization temperature Tec ( deg C ) at thetime of 
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Specification 

[0001] 



[0002] 
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[0003] 



[0004] 



temperature rise of polyethylene terephthalate molded article 
satisfies below-menttoned formula 

132 <= Tec *160 



this invention is something regarding manufacturing method 
of preferred , improvement polyethylene terephthalate as 
hollow molding vessel or other formative material for 
beverage . 



various plastic material is used recently, carbonated 
beverage Juice , natural water , sake , various drinking tea , 
edible oil , liquid flavoring or other liquid as material of 
vessel which is filled. 

polyethylene terephthalate (PET ), because it is superior 
transparency , gas barrier property , heat resistance when 
forming and in the mechanical strength , is used even among 
them as hollow molding vessel or other formative material for 
beverage . 

[0003] 

To this kind of hollow molding vessel , thermal sterilization 
beverage etc which was treated isfllled with state of high 
temperature is many. 

This time hollow molding vessel clouding does with packing 
of high temperature , as notcaused or other problem where or 
other deformation which shrinkage and extension is 
donehappens, impairs independence with deformation, 
satisfactory heat resistance is required to hollow molding 
vessel . 



In addition produces with high speed furthermore, at time of 
theproduction of hollow molding vessel , to be desired, plastic 
material which the productivity well can produce is sought. 

In order to produce hollow molding vessel with high speed , 
thermal crystallization velocity is high in the plastic material , 
those where variation of crystallization rate or other quality is 
little are sought. 



[0004] 

In addition, plastic material which forms hollow molding 
vessel for liquid beverage with the heat resistance holds 
transparency , it is strongly required . 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 



[0002] 
[Prior Art] 



[0003] 
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[0005] 
[0006] 



[0007] 

[**Wa>«B] 

**WK«*aR#'Jx*b:/TL/7*b-ha> 
[0008] 

[0009] 

*fc. *»W"effli^6tL*aR/-Kyx^u>TU 



[0005] 

When namely, crystallization rate is too high, when preferred 
molding condition width becomes narrow, variation of quality 
of starting material plastic is many, yield rate at time of 
molded article manufacture becomes low. 

Therefore, as description above as for plastic material which 
is used for theproduction of hollow molded article , 
crystallization rate which is agreeable to molding efficiency , 
molding condition Repossessing and quality are fixed, it is 
desirable . 

Because of that, method which adjusts crystallization rate of 
polyethylene terephthalate isnecessary. 

[0006] 

[Objective] 

As for this invention, as description above considering to 
Prior Art , beingsomething which it is possible, it possesses 
crystallization rate which isagreeable to molding efficiency , 
molding condition etc, manufacturing method of 
improvement polyethylene terephthalate which molded article 
which at same time is superior in transparency is acquiredit is 
offered it designates as objective . 

[0007] 

[this invention 0) gist ] 

manufacturing method of improvement polyethylene 
terephthalate which relates to this invention , with method 
which controls crystallization rate of polyethylene 
terephthalate , changes flow rate and/or transferring/changing 
air transporting body of transferring/changing air transporting 
body inside pellet transport pipe and flow ratio of pellet , it is 
somethingwhich controls crystallization rate with . 

[0008] 

pellet transport pipe of this time is good even with 
conventional ones, but when itjointly uses with method which 
grants impact to pellet , afterhastening crystallization rate , 
because crystallization rate can be controlled, it isdesirable. 

Method of providing unevenness in interior surface of 
transport pipe as the method which grants impact to pellet . 
You can list method etc which pellet collides to impacted 
surface . 

[0009] 

In addition, improvement polyethylene terephthalate which is 
used with this invention with molten state to be higher than 
crystallization temperature of polyethylene terephthalate with 
temperature which is lower than melting point , is thing (solid 
phase polymerization those which are done. ) which 
polyethylene terephthalate polymerized with state of solid in 
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[0012] 



[0013] 
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addition to condensation polymerization , itis desirable . 

This improvement polyethylene terephthalate may be 
something which grants impact after solid phase 
polymerization , after granting impact , to be something 
which did the solid phase polymerization is possible. 

[0010] 

As for hollow molded article which forming, acquires this 
kind of polyethylene terephthalate , half crystallization time in 
1 80 deg C which were measured with for example differential 
scanning calorimeter becomes 30- 100 second . 

In addition, as for this kind of hollow molded article , 
crystallization temperature at time of the temperature rise 
which was measured with differential scanning calorimeter 
becomes 132 - 160 deg C. 

[0011] 

You explain concretely below, concerning improvement 
polyethylene terephthalate whichrelates to this invention . 

Improvement polyethylene terephthalate 

Improvement polyethylene terephthalate of this invention 
when transporting pellet of the polyethylene terephthalate 
which is acquired by method of prior public knowledge , 
changes flow rate and/or transferring/changing air 
transporting body of transferring/changing air transporting 
body inside pellet transport pipe and flow ratio of pellet , 
controlling the crystallization rate with , it is something which 
is acquired. 

[0012] 

As method which changes flow rate of transferring/changing 
air transporting body, transport pipe method of changing flow 
of vaporwhich flows. You can list method which changes 
internal diameter of partially transport pipe . 

Method of changing flow of transport pipe entirety transport 
pipe as method which changes flow of vapor which flows. 
Like Figure 1 inlet and outlet of transferring/changing air 
transporting body are provided on middle of transport pipe , 
partially islifted method which can list flow rate between 
outlet from the inlet . 

[0013] 

When partially it changes flow rate of transferring/changing 
air transporting body, it is possible to change flow rate with 
site of option ,but when it does with site which gives impact 
to pellet which is expressed afterwards because effect 
increases, it isdesirable. 

In addition, when flow rate of transferring/changing air 
transporting body ischanged with objective of crystallization 
rate control, difference before modifyingand after modifying 
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is 10% or more , it is desirable . 

When difference before modifying and after modifying is 
under I0%,there are times when change of crystallization rate 
is not clear. 

[0014] 

When transporting pellet , flow rate is 3 - 100 m/sec , it 
isdesirable , they are 5 - 50 m/sec , especially it is desirable. 

When flow rate is too slow, when it cannot transport pellet 
andbecomes, flow rate passes speed, because minute be mixed 
up and the strand polymer which is drawn increase, it is not 
desirable. 

[0015] 

You can list method which changes flow of 
thetransferring/changing air transporting body as 
transferring/changing air transporting body inside pellet 
transport pipe and method which changes flow ratio of the 
pellet , and method which changes flow of pellet . 

When transferring/changing air transporting body inside pellet 
transport pipe and the flow ratio of pellet is changed with 
objective of crystallization rate controI,difference before 
modifying and after modifying is 10% or more , it 
isdesirable . 

When difference before modifying and after modifying is 
under 10%,there are times when change of crystallization rate 
is not clear. 

[0016] 

In addition, transferring/changing air transporting body inside 
pellet transport pipe and weight ratio (S/G ) of pellet are 0.2 - 
30, it is desirable , 0.3 -20 is, especially it is desirable . 

When S/G is too low, because transport efficiency of pellet 
becomes bad either, when S/G is too high, loss of pressure 
with the pellet transport pipe to be high or flow of pellet bad 
and feels concern it is not desirable. 

[0017] 

Reason which can control crystallization rate with 
transferring/changing air transporting body inside pellet 
transport pipe and changing flow ratio of pellet thinksas 
follows. 

Usually, with method which gives impact to pellet 
whichbecause as for quantity of pellet which flows it is 
many,especially expresses inside pellet transport pipe next, it 
is not case that itcan give to all pellet impact . 

Ratio of pellet which can give impact with 
thetransferring/changing air transporting body inside pellet 
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transport pipe and changing the flow ratio of pellet changes, it 
is thought that crystallization rate of entirety changes. 

[0018] 

Effect is acquired by flow rate and/or transferring/changing 
air transporting body oftransferring/changing air transporting 
body inside pellet transport pipe and factthat flow ratio of 
pellet is changed even with conventional pellet transport 
pipe , but whenit jointly uses with method which grants 
impact to pellet .after hastening crystallization rate , because 
crystallization rate can be controlled, it isdesirable. 

[0019] 

Method of providing relief part in inner wall of pellet 
transport pipe as the method which grants impact to pellet of 
polyethylene terephthalate . Quantity of distance and/or 
bending of pellet transport pipe method of increasing, method 
which collides to plane can list pellet pellet transport pipe 
midway. 

[0020] 

As method which provides relief part in inner wall of pellet 
transport pipe .portion of pipe knurling pipe (Nippon 
Aluminum Co. Ltd. (DB 69-055-5693 ) supplied ) and 
method of making pipe which possesses eco flow pipe 
(specialty steel tube supplied ) or other unevenness . pipe 
doing sandblasting etc in advance, you can list method 
whichcan give unevenness . 

installation site of pipe which possesses unevenness is good 
withwhichever of straight pipe part , bent part amount, but 
when it installs in bent part amount,because effect to which 
pellet collides to wall surface and theefTect which contacts 
unevenness of wall surface both is acquired itis desirable. 

When it is a elbow section which bends in right angle because 
strength of collision becomes maximum , especially it is 
desirable. 

[0021] 

Quantity of distance and/or bending of pellet transport pipe as 
method which increases, like Figure 2 method of providing 
pipe which in portion of the pipe is made coil . Like Figure 3 
method which changes quantity of length and/or bending of 
the pipe by detouring can list straight pipe part among pipe . 



[0022] 

pellet as method which collides to plane pellet transport pipe 
midway, like Figure 4 method of installing vessel which 
possesses plane on middle of pellet transport pipe . Like 
Figure 5 you can list method which provides strike plate in 
the pipe interior . 
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[0023) 

In addition, improvement polyethylene terephthalate which is 
used with this invention with molten state to be higher than 
crystallization temperature of polyethylene terephthalate with 
temperature which is lower than melting point , is thing (solid 
phase polymerization those which are done. ) which 
polyethylene terephthalate polymerized with state of solid in 
addition to condensation polymerization , itis desirable . 

This improvement polyethylene terephthalate may be 
something which grants impact after solid phase 
polymerization , after granting impact , to be something 
which did the solid phase polymerization is possible. 

[0024] 

As for this improvement polyethylene terephthalate , it has 
possessed appropriate kindof crystallization rate which can 
produce bottle or other hollow molding vessel efficiently. 

Concrete, half crystallization time (tl/2 ) in 180 deg C of 
molded article is 30 - 100 second , preferably 40-100second . 

In addition, crystallization temperature (Tec ) at time of 
temperature rise of molded article is 132- 160 deg C, 
preferably 140-155 deg C. 

[0025] 

You explain concerning polyethylene terephthalate which is 
used next with this invention . 

polyethylene terephthalate 

polyethylene terephthalate which is used with this invention , 
terephthalic acid or unit and the ethyleneglycol which are led 
from ester derivative (Such as for example lower alkyl ester , 
phenyl ester ) or is formed from unit which is led from ester 
derivative (Such as for example mono carboxylic acid ester 
ethylene oxide ). 

[0026] 

This polyethylene terephthalate may contain unit which is led 
from unit and/or diols which isled from dicarboxylic acids 
other than according to need terephthalic acid at quantity of 
20 mole % or less . 

Concretely, you can list phthalic acid , isophthalic acid , 
naphthalenedicarboxylic acid , biphenyl dicarboxylic acid , 
diphenoxy ethane dicarboxylic acid etc as dicarboxylic acids 
other than thiskind of terephthalic acid . 

unit which is led from these dicarboxylic acids may be 
included one, two or more kinds , touse is possible as ester 
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*Bfcxh5x^U7>*x^Aft£<D 4 ft 



derivative . 
[0027] 

In addition, concretely, diethylene glycol , triethylene glycol , 
tetraethylene glycol , trimethylene glycol , propylene glycol , 
butanediol , pentanediol , neopentyl glycol , hexamethylene 
glycol , dodecamethylene glycol , polyethylene glycol or 
other aliphatic ; you can list cyclohexane dimethanol or other 
cycloaliphatic diols ;bisphenols ;hydroquinone or other 
aromatic diols etc as the diols other than ethyleneglycol . 



unit which is led from these diol acid may be included one, 
two or more kinds , touse is possible as ester derivative . 

[0028] 

In addition, polyethylene terephthalate which is used with this 
invention may include at thequantity of 2 mole % or less unit 
which is led from according to need , trimesic acid , 
pyromellitic acid , trimethylol ethane , trimethylolpropane , 
trimethylol methane , pentaerythritol or other polyfunctional 
compound , vis-a-vis trace for example dicarboxylic acid 
component lOOmole % . 

[0029] 

Ratio of diethylene glycol (DEG ) unit in this kind of 
polyethylene terephthalate , in polyethylene terephthalate , 
isusually 0.5 - 2.0 weight %, preferably 0.8-1 .6weight %. 

When content of DEG unit is 0.5 weight % or more , there is a 
tendency where the transparency of bottle shaft after forming 
becomes satisfactory. 

In addition, when they are 2.0 weight % or less , heat 
resistance , crystallization promotion effect is satisfactory. 

[0030] 

You can list method which adjusts by-product amount of 
diethylene glycol which the by-production is done from 
ethyleneglycol which is a main raw material diethylene glycol 
as polymerization starting material other than method which 
you use, reaction condition , additive is selectedappropriately 
as method which adjusts ratio of DEG unit in the polyethylene 
terephthalate above-mentioned range, with . 

You can list basic compound , for example triethylamine or 
other tertiary amine , tetraethyl ammonium hydroxide or other 
quaternary ammonium salt , sodium carbonate or other alkali 
metal compound as additive which controls formation of 
DEG. 
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[0031] 

In addition, you can list sulfuric acid or other inorganic acid , 
benzoic acid or other organic acid as compound which 
promotes theformation of DEG . 

As description above as for inherent viscosity (IV ) (In phenol 
/1, 1,2,2- tetrachloroethane mixed solvent it measures with 25 
deg C ) of polyethylene terephthalate which is usedwith this 
invention , usually 0.3 - 2.0 dl/g , preferably 0.5-1 .5dl/g , 
furthermore with preferably 0.7-1 .2dl/g , asfor melting point 
with usually 210 - 265 deg C, preferably 220-260 deg C, as 
for glass transition temperature they areusually 50-120 deg 
C, preferably 60- 1 00 deg C. 

[0032] 

In addition, content , of cyclic trimer in above-mentioned 
polyethylene terephthalate namely content of cyclic trimer of 
oxyethylene oxy terephthaloyl unit is usually 0.5 weight % or 
less , preferably 0.4weight % or less , it isdesirable . 

When content of cyclic trimer uses polyethylene terephthalate 
of 0.5 weight % or less , when forming,moId etc to be 
difficult to be polluted resin composition , 
furthermorebecause shaft of molded article is difficult to do 
whitening , it isdesirable. 

content of cyclic trimer in polyethylene terephthalate makes 
for example solid phase polymerization temperature high, it 
decreasesit is possible furthermore by making polymerization 
time long. 

[0033] 

In addition, when post-treatment is done in pellet after solid 
phase polymerization with hot water or water vapor , 
productivity at time of injection molding it isdesirable in 
order to control increase of cyclic trimer which becomes 
cause which decreases. 

With usually 40 - 1 20 deg C, preferably 50-1 10 deg C, 
between usually I min -10 hours , preferably 5 min -5 hours 
it does the post-treatment . 

polyethylene terephthalate which is used with this invention is 
produced as descriptionabove from dicarboxylic acid and diol 
by method of prior public knowledge . 

With this invention , it can use "starting material polyethylene 
terephthalate " which usually is marketed with the pellet as 
this kind of polyethylene terephthalate , but with according to 
need , starting material polyethylene terephthalate "jp9 
professional polyethylene terephthalate " (regeneration 
polyethylene terephthalate ) may be used. 
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[0034] 

l^-H^^JJx^>xb^^b-h)T:fc5o 
ccOcfc^fcH^TKux^ixv^^^b-hSr ja 

[0035] 

**BHT*li. tf'jxTuvTi^u-htt^u 

7KJJX^V>xl>7^U— h(D^U^h(03SSl4 
[0036] 

[#gfljj<oa*£] 

**flJic^S^fe«7tCUx^b>^U^5U-h0 
[0037] 

[JfcJfcfl] 



[0038] 



Concretely, in polyethylene terephthalate , "jp9 professional 
polyethylene terephthalate " may be contained at quantity of 
I- 50 weight %. 

[0034] 

Furthermore, it is a polyethylene terephthalate which does not 
possess thermal history where "starting material polyethylene 
terephthalate "with, from dicarboxylic acid and diol it was 
produced with pellet inin this specification , with heating and 
melting state , passed molding machine and formed in hollow 
molding vessel or preform etc. 

In addition, "jp9 professional polyethylene terephthalate " this 
kind of starting material polyethylene terephthalate is 
polyethylene terephthalate (regeneration polyethylene 
terephthalate ) which possesses thermal history which 
pelletize is done in polyethylene terephthalate which at least 
passes molding machine with one time heating and melting 
state including heat again. 

This way starting material polyethylene terephthalate 
"molding machine is passed with heating and melting state " it 
treats **pellet (pellet ) which consists of the starting material 
polyethylene terephthalate heating and melting , it is done in 
preform , hollow molding vessel or other desired shape it 
forms by . 

[0035] 

With this invention , as for polyethylene terephthalate it is 
used with pellet . 

particle diameter of pellet of polyethylene terephthalate 
especially is not limited. Usually 1.0 - 5.5 It is a range of 
mm , preferably 1 .0~4. 0mm . 

[0036] 

[Effects of the Invention] 

As for manufacturing method of improvement polyethylene 
terephthalate which relates to this invention improvement 
polyethylene terephthalate which possesses appropriate kind 
of crystallization rate which can produce bottle or other 
hollow molding vessel efficiently can be offered. 

[0037] 

[Working Example(s)] 

this invention furthermore is explained concretely below, on 
basis of Working Example , but this invention is not 
something which is limited in these Working Example . 

In {measurement method } below-mentioned Working 
Example various property measured like below. 

[0038] 
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;U/l,l,2,2--rh ; 5^DPX^>;1^-§j« 
(50/50 Mfiib)£ffi^T 0.5g/dl OttftSi&Sa 
SU 25 deg C TiIJgLfc»ttttSfrbB*tt 
S(IV)£ffffiLfc. 

[0039] 

tKux^uvt u^u— r-OT^u^r-^ffli^T, 

V'j>?-;SJt 275 deg C. ££!SJg 10 deg C 

i o m g <d-9-^;u$«j y ttj LTa")Sffl-9->^;u<!: 
Lfc. 

[0040] 

^$ss<tB#r B i(ti/2) 

jSg£2S!$}iiIt(Perkin Elmer fctlS DSC-7)£ 
ffll^T 30 deg C frb 320 deg C/#T* 180 deg C 
I^SU 180degCT'^;S*Sg<t^fi-ofco 

tetf-*±*©*#l::fc5*-C©l$IW£¥8S 
<bB$ia(tl/2)i:Lfc. 

^;g*£S*b;EJg(Tcc) 

^M^SS!!&fit1-(Perkin Elmer *±§? DSC-7)£ 
ffll»T 30 deg C frb 10 deg C/#rg£U ^0 

&*b£g(Tcc)£Lfc. 



[0041] 
[Hffiffl 1] 

S^ttltA* 0.76dl/g <07K'JX^U>tU7^U— 
r-0)'<U<>h$©*4tLrfflL>fc„ 

CO'-CUyK*. ft g 43 mm, ±fi 10m<Dgiii2 

«is*»ttfc»*Tf. ffiaaa 20m/«\'<b-:/ 

r-<t£§i<7)figittf 2.5 <h£*&fM?£SU&2l 
Lfc. 



Cfc+ri/^CD 180 deg C l=&rtS¥&aittt 

IBI tl/2 I* 66 i^-efcofc. 
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inherent viscosity (IV ) 

sample solution of 0.5 g/dl was adjusted making use of phenol 
/1, 1,2,2- tetrachloroethane mixed solvent (50/50 weight 
ratio ), the inherent viscosity (IV ) was calculated from melt 
viscosity which was measured with 25 deg C. 

[0039] 

forming method of molded article sample 

Making use of pellet of polyethylene terephthalate , it did 
injection molding with cylinder temperature 275 deg C, mold 
temperature 10 deg Cpreform of polyethylene terephthalate 
bottle formed. 

Cutting sample of 10 mg from opening (portion of drinking 
mouth) of this preform , it made measurement sample . 

[0040] 

half crystallization time (tl/2 ) 

From 30 deg C with 320 deg Cper minute temperature rise it 
did in 1 80 deg C making useof differential scanning 
calorimeter (Perkin Elmersupplied DSC-7 ), did isothermal 
crystallization with 180 deg C. 

Until from isothermal crystallization start , surface area of 
exotherm peak becomes half of the exotherm peak entirety , 
time was done half crystallization time (tl/2 ) with. 

crystallization temperature on heating (Tec ) 

From 30 deg C temperature rise it did with 10 deg Cper 
minute making use of differential scanning calorimeter 
(Perkin Elmersupplied DSC-7 ), crystallization temperature 
on heating (Tec ) with it did peak temperature of exotherm 
peak which occurs atthat occasion. 

[0041] 

[Working Example 1] 

inherent viscosity used pellet of polyethylene terephthalate of 
0.76 dl/g as starting material . 

This pellet , with facility which provides device which 
possesses impacted surface like left side of Figure 4 in end of 
transport pipe of the internal diameter 43mm , total length 
10m, pneumatic transport was done with condition where air 
stream fast 20become m/sec , pellet and weight ratio of air 
with 2.5. 

injection molding was done and making use of pellet which 
did pneumatic transport the measurement sample was 
acquired. 

half crystallization time tl/2 in 180 deg C of this sample was 
66 second . 
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[0042] 

mmm 2] 

\ *Htti=LTg«tfti££fTofc. 
\t 70»-efcofc. 

[0043] 

mmm 3] 



it 



tt7l8rCfcofc 0 



[0042] 

[Working Example 2] 

Other than thing which designates weight ratio of pellet and 
the air as 5.0, pneumatic transport was done to similar to 
Working Example 1. 

half crystallization time 1 1/2 in 180 deg C of molded article 
was 70 second . 

[0043] 

[Working Example 3] 

Other than thing which designates air stream speed as 12 m/s , 
the pneumatic transport was done to similar to Working 
Example 1. 

half crystallization time 1 1/2 in 180 deg C of molded article 
was 7 1 second . 
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[Brief Explanation of the Drawing(s)] 

Figure I ~5 is l example of production equipment of this 
invention . 

[Figure I] 

[Figure 2] 

[Figure 3] 

[Figure 4] 

[Figure 5] 
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[Figure 1] 
[Figure 2] 
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[Figure 3] 
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[Figure 4] 



[Figure 5] 
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